INTRODUCTION
Integrated trauma systems have been shown to improve patient outcomes. [1] [2] [3] These systems are comprised of various elements, including development and designation of hospital trauma services, systems for triaging patients to the appropriate trauma service as well as retrieval of patients from lower to higher level centres of care. The interhospital retrieval of trauma patients to definitive trauma care is an important aspect of a trauma system, and is in itself a complex operation. There is little published data to define the impact of patient retrieval systems or to support a particular model as best practice within an integrated and functioning trauma system.
The definition and models of care in retrieval medicine vary significantly by jurisdiction.
However, for the purposes of this paper, it is defined as the coordinated interhospital transfer and clinical care of critical patients using specialised clinical staff, transport platforms and equipment. 4 Typically, retrieval services receive case information from a referrer who is seeking assistance with clinical management and/or transfer of a patient to a hospital with greater capability. The case coordinator is generally a medical practitioner of senior status and from a critical care or other relevant specialty. Coordination aims to move the patient to the destination most appropriate for the clinical need and in a safe and time-efficient way.
The Victorian State Trauma System (VSTS) was established in Victoria, Australia, following a ministerial review of emergency and trauma services, 5 resulting in a 37% reduction in risk-adjusted mortality for hospitalised patients with severe trauma. 2 The proportion of all major trauma patients directly transported from the scene of injury to a major trauma service (MTS) increased from 59% in
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What is already known on this subject? Multiple studies have determined that trauma systems improve patient outcomes. Further observational studies identify that the interhospital transfer of trauma patients within trauma systems is complex and high risk. Yet to date, there has not been any data published that evaluates the implementation of any model of interhospital patient retrieval within an integrated trauma system to help health services plan and develop their trauma systems.
What might this study add?
This retrospective study demonstrated that severely injured patients who have their interhospital transfer coordinated by a centralised and specialised patient retrieval service have reduced risk-adjusted odds of inhospital mortality and improved long-term functional outcomes when compared with patients who are transferred between hospitals without retrieval service contact. The principal impact of retrieval coordination lies in the determination of a major trauma service as the destination. The uses of highly skilled staff overseeing the retrieval process improved logistical coordination, central coordination of destination choice and appear to contribute to the benefit. [2005] [2006] , and the proportion of road trauma major trauma patients transferred from the scene of injury directly to an MTS hospital increased from 55% in 2001-2002 to 77% in 2010-2011. 6 Secondarily transferred trauma patients are perceived as higher risk in terms of morbidity and mortality, although accurate data is scant. 7 8 The Victorian major trauma transfer study 9 examined the interhospital transfer of 451 major trauma patients during [2003] [2004] . It was a descriptive study undertaken prior to the introduction of Adult Retrieval Victoria (ARV), and showed a mortality rate of 6.1% for patients secondarily transferred, with highest mortality rates associated with transfer by referring hospital junior medical staff (resident and registrar grade). The study predated the introduction of the current retrieval system, and neither it nor other published papers have reviewed risk-adjusted short-term and long-term outcomes for major trauma retrieval patients. This study examines the impact of the introduction of an integrated retrieval system in Victoria on early clinical outcomes for major trauma patients who undergo interhospital transfer.
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METHODS Setting
Prior to 2007, the Victorian Adult Emergency and Retrieval Coordination Service delivered retrieval services in Victoria under the auspices of St Vincent's Hospital. Following a review published in 2006 by the Victorian Department of Human Services, 10 Victoria moved to optimise its adult retrieval services. The principles identified by that report were to adopt a retrieval model with standard operating procedures, a 'one-stop shop' for referrers using a single phone call, improved central governance, operational integration, a comprehensive system with state-wide accessibility and promotion of health-service participation and early warning and activation of the system. While the overall distribution of major trauma cases originating in regional versus metropolitan settings was similar, ARV was commissioned with a primary goal of narrowing the service gap and 'tyranny of distance' for rural and regional patients. Rural patients face greater transfer times to definitive care, and often are initially cared for in smaller hospitals with lower levels of resource and staffing compared with metropolitan patients; both factors potentially leading to different clinical outcomes. Consequently, the early focus of the service was on coordination of retrieval for non-metropolitan patients, both major trauma and general critical care. The result was the establishment of ARV in 2007 as an operational department within Ambulance Victoria (AV), providing a comprehensive, integrated adult critical care retrieval service that is staffed by medical practitioners.
Interhospital transfers, not coordinated by ARV, are managed using disparate methods; transport platforms varying from nonemergency (contracted private provider) ambulance to emergency state ambulance, and crews ranging from nurse and/or basic ALS paramedic to intensive care paramedic, including junior medical staff with limited or no training or experience in retrieval medicine.
The Victorian State Trauma Registry (VSTR) is a populationbased trauma registry, capturing data about all major trauma patients in Victoria. The registry has been operating since July 2001, and collects data from the prehospital and acute hospital settings, as well as following up patients to 2 years' postinjury to collect long-term functional and health-related quality-of-life outcomes.
11 12 The VSTR operates using an opt-off consent process to ensure complete capture of all cases in the state. The VSTR and ARV coordinate data each quarter to ensure that all cases involving ARV are identified in the registry, and accurate and complete data are provided.
Participants
All adult (>15 years of age) major trauma patients with at least one interhospital transfer recorded, a date of injury from 1 January 2008 to 31 December 2013 and a total transfer time <24 h were extracted for analysis. Transfer time was the time from arrival at the primary hospital to arrival at the destination hospital. Major trauma patients injured overseas were excluded. Paediatric major trauma patients were also excluded as the retrieval of paediatric cases is coordinated by other services in the state.
Procedures
For eligible patients, the demographic, preinjury characteristics, injury event details, injury type, Injury Severity Score (ISS), hospital details, transfer details, clinical observations, inhospital outcomes and 6-month postinjury outcomes were extracted from the VSTR for analysis.
Data analysis
Summary statistics were used to compare cases coordinated by ARV and cases without ARV coordination. Frequencies and percentages were used for categorical variables, and the mean and SD or median and IQR for continuous variables. χ 2 , MannWhitney U tests and independent t tests were used to test for an association between covariates and whether the case was coordinated by ARV. Data from 2008 were excluded from the analysis because this year was an establishment year where new service processes were not yet established. Due to the multiple comparisons, a Bonferroni correction was used, and a p value <0.002 was considered significant.
Multivariable binary logistic and ordinal logistic models were performed to quantify the association between mode of transfer coordination, and each outcome, adjusted for variables demonstrating a potentially important ( p<0.10) difference in case-mix between the groups on preliminary analyses (ie, potential confounders). ARV coordination (yes/no) was considered the exposure of interest. The outcomes of interest were inhospital mortality, admission to intensive care unit (ICU) and 6-month outcome functional scores (Glasgow outcome scale (extended) (GOS-E)) and return to work. The GOS-E rates the patient's level of function on a scale from 1 (death) to 8 (upper good recovery), and was analysed as an ordinal variable. The death and vegetative state categories of the GOS-E were merged into a single category for analysis due to the low number of cases classified as vegetative state. For all return to work analyses, only patients confirmed as working prior to injury were included.
Adjusted ORs (95% CI) were reported for binary logistic and ordinal regression analyses to provide an estimate of the strength of association, and the precision, between ARV coordination and outcome. An interaction term between the region of the transfer (metropolitan Melbourne or regional Victoria) and ARV coordination was included to establish whether the association between coordination source and outcome differed depending on whether the transfer was from a health service based in metropolitan Melbourne or regional Victoria. Model fit was assessed using the Hosmer-Lemeshow statistic, as well as standardised residuals and leverage to check for influential observations. Where continuous predictor variables (ie, age, ISS and shock index) were shown not to have a linear relationship with the outcome of interest, log transformation or categorisation was used to include these in the models. The Brant test was used to test the assumption of proportional odds for the ordered logistic regression model. All analyses were performed using Stata SE V.13.0.
Ethics approval was provided for all VSTR research by all trauma-receiving hospitals in the state of Victoria and by the Monash University Human Research and Ethics Committee.
RESULTS
ARV was contacted in 36% (n=1261) of major trauma interhospital transfers <24 h, and transported 30% (n=1045) of cases to the definitive care hospital. The proportion of cases where ARV was contacted and provided case coordination increased from 17% (n=87) in 2008 to 48% (n=308) in 2013 ( p<0.001, figure 1 ). The proportion of major trauma cases directly crewed by ARV retrieval teams increased from 17% (n=87) in 2008 to 33% (n=208) in 2013 ( p<0.001).
From 2009 to 2013, there were 3009 major trauma interhospital transfers in the state with a transfer time <24 h. In this timeframe, ARV was contacted for 1174 (39.0%) transfers. Cases coordinated by ARV were younger, had a higher prevalence of comorbidities and were more commonly transportrelated (table 1) .
The majority of ARV-coordinated transfers were from regional Victoria and transferred from regional trauma services, compared with non-ARV transfers that were predominantly from metropolitan areas and metropolitan trauma services (MeTS) (table 2). Most ARV-coordinated transfers were transported to a (level 1) MTS, while a higher proportion of non-ARV transfers were to a (level 2) MeTS. The time spent at the referral hospital was lower for ARV-coordinated transfers, but the transport time was higher, reflecting the prevalence of regional patients transferred by ARV (table 2) .
Although the majority of patients had a final destination of MTS, there were differences in destination type based on the region of origin. A higher proportion of patients transferred from a regional hospital were transported to an MTS (X 2 3 =59.80, p<0.001) (table 3).
The mean shock Index was higher in patients coordinated by ARV on arrival at the definitive hospital and at arrival at the referral hospital. There was a higher prevalence of burn and head injury multitrauma cases transported by ARV, while cases not coordinated by ARV involved a higher proportion of spinal cord injury, orthopaedic and isolated head injury cases (table 4) . The ISS of ARV cases was higher, and a greater proportion of ARV cases were admitted to ICU. Consistent with the overall greater injury severity, the hospital length of stay for ARV-coordinated cases was higher; however, the inhospital death rate was consistent with the non-ARV-coordinated cases (table 4) .
Of the 3009 major trauma cases transferred from 2009 to 2013, 2660 (88.4%) had a valid GOS-E score at 6 months (including inhospital deaths). Fifty-three per cent were studying or working for income prior to injury. Table 5 shows the longerterm outcomes for ARV-coordinated and non-coordinated transfer cases. A higher proportion of major trauma patients transferred by ARV were living independently (GOS-E score of lower moderate disability or higher) at 6 months, but there was no association between the source of transfer coordination and functional recovery (GOS-E upper good recovery) or return to work.
The association between ARV coordination of interhospital transfer and the risk of inhospital mortality was different for cases transferred from regional hospitals compared with metropolitan hospitals (table 6) . ARV-coordinated metropolitan transfers demonstrated lower adjusted odds of inhospital mortality compared with metropolitan transfers occurring without ARV coordination (table 6) . ARV-coordinated metropolitan transfers also demonstrated better risk-adjusted functional (GOS-E) outcomes at 6 months postinjury when compared with metropolitan transfers occurring without ARV coordination (table 6) . Analysis in the model of whether the patient was managed at an MTS hospital only partially explained the difference in outcomes. There was no association between ARV coordination and return to work.
DISCUSSION
System redesign as occurred in the establishment of ARV was intended to alter both practices and outcomes. When adjusted for age, gender, comorbidity, injury type and severity, GCS, and shock index, cases managed by referral into this new system have demonstrated improved process management (time at referral hospital) and in metropolitan patients have demonstrated better clinical outcomes in both short and longer term (death, GOS-E). After adjusting for destination type, it is clear that an important component of the impact of retrieval coordination lies in the determination of an MTS as the destination, an intervention known to improve clinical outcomes. In addition to this, there appear to be other retrieval-related factors (undefined) that also demonstrate benefit.
Similar outcome impacts associated with retrieval systems have been described in other jurisdictions and in patient populations with a broader range of clinical presentations than the major trauma group we have studied. 13 The weakness of ad hoc approaches to critical patient transfer has also previously been highlighted, as has the preference for coordinated, organised retrieval systems. 14 15 The VSTS has demonstrated growing confidence in the retrieval service, with approximately 50% of major trauma transfers now coordinated via ARV, whereas pre-2008, the retrieval service coordinated <15% of major trauma transfers. Despite the ARV-coordinated group being more unstable and more severely injured, overall mortality of retrieval patients was comparable or less than mortality rates in non-retrieval patients.
Significant differences in system process and structure exist between retrieval-service-coordinated cases and the remainder, which are managed and transferred using ad hoc systems. The differences are illustrated in figure 2 below: From inception, the retrieval service has predominantly directed its attention to the rural subpopulation of patients on the basis that local responses, regional hospital capabilities and distance and logistic factors all posed additional risk for such patients. As a department of AV, ARV developed or adopted effective internal ambulance systems and consistent processes for managing these transfers, employing principally air, but also road transport options. As noted above, metropolitan transfers coordinated via the retrieval service had significant survival and functional outcome benefits compared with non-metropolitan patients. Processes for interhospital transfers from regional centres in Victoria that are not coordinated by ARV are generally managed directly by the ambulance air transport department, which is collocated with the retrieval service. There is, therefore, considerable similarity and overlap between these departments, their clinical practice guidelines and their processes. In contrast, metropolitan transfers not managed by ARV may be facilitated by many pathways without the levels of process consistency or structure seen in rural and regional transfers. In such circumstances, patients are managed without reference to or clinical support from the ARV medical coordinator (who has advanced training and experience in retrieval medicine), and may be transferred by junior staff, with little training or exposure to transport medicine, and inconsistent equipment, monitoring and interventions. These fundamental differences may, in part, explain the less significant outcome differences seen in rural retrieval patients compared with metropolitan retrieval patients.
Other factors associated with professional case coordination such as clinical advice, logistic efficiency and in-transit clinical care standards that cannot be adjusted for in the analysis may also affect outcomes.
Decisions regarding the pattern of use of the retrieval service differ considerably between regional referral hospitals and metropolitan referrers. These decisions appear to impact patient outcome, and may be due to a range of factors. Penetration of the ARV service message and establishment of service has been more targeted and effective in rural settings. ARV has limited resource to provide retrieval staff for transfers in the metropolitan setting; therefore, referrers are less likely to engage the service (including for advice and destination planning); prior to 2010, ARV offered very limited metropolitan retrieval support. Persistence of local culture and network preference for transfer within a local health service rather than transfer to a central MTS may also be a factor. Finally, there may be lack of awareness of major trauma transfer guidelines, which specify destination hospital type (MTS) and of the impact on outcomes of care provided in different settings (eg, MTS vs MeTS).
These factors may be addressed with additional resource, communication and education strategies; some of which have been implemented such as a whole of system trauma guideline education programme. 16 It is likely that there would be additional gains to be made if the remainder of major trauma transfer cases were coordinated via the retrieval service. Triage of higher proportions of major trauma patients to MTS destinations does require appropriate concentration of resource in these centres; however, benefits of associated outcomes are well established. 2 17-19 It is also plausible that the benefits seen in the retrieval trauma patient population would be mirrored in other patient populations, and since trauma represents approximately 20% of retrieval practice in Victoria, those gains may be significant, and are worthy of further investigation.
Limitations
This study reflects a single retrieval service in a single setting (mature and effective trauma system)-it may, therefore, have limited external validity. However, the VSTS is certainly typical of regionalised systems, and the geography and demography of Victoria is analogous to many situations. The impacts seen in the typical metropolitan setting could be considered transferrable.
Missing data constitutes <5% of the population, and although noted, is not considered a significant limitation. Finally, the study was observational in nature, and therefore, any causal relationship could not be confirmed.
CONCLUSION
In a mature trauma system, introduction of an effective retrieval service was associated with further reductions in mortality and improved long-term outcomes. A key factor in this finding was case coordination facilitated delivery of patients to an MTS rather than to a lower designated service. 1.41 (0.97 to 2.05) †Model adjusted for age group, gender, CCI, cause of injury, ISS group, injury group, GCS on arrival at definitive hospital of care, natural log shock index and source of referral. ‡Model adjusted for age, gender, CCI, cause of injury, natural log of ISS, injury group, GCS on arrival at definitive hospital of care, shock index and source of referral. §Model adjusted for age, gender, CCI, cause of injury, ISS, injury group, GCS on arrival at definitive hospital of care, shock index and source of referral, and only in patients who were working prior to injury.
¶Model adjusted for age group, gender, CCI, cause of injury, ISS, injury group, GCS on arrival at definitive hospital of care, shock index and source of referral. ARV, Adult Retrieval Victoria; CCI, Charlson Comorbidity Index; ICU, intensive care unit; ISS, Injury Severity Score. 
